Abstract: We argue that the 3σ excess of events with Z-peaked dilepton pairs, jets and large transverse missing energy (E miss T ), recently announced by the ATLAS Collaboration, can be accounted within the simplified version of the Minimal Supersymmetric Standard Model (MSSM) which includes a light right-handed sbottom quark (b 1 ), and gluino (g), with relatively small mass splitting, a heavy bino-like lightest supersymmetric particle (LSP,χ 100 GeV, this can reduce the recent ATLAS Z-peaked 3σ deviation to 2σ level. A lighter spectrum can fully account for such an excess, however, a fine tuning in the mass parameters is required to avoid the LHC constraints. Besides, we find that if the gluino decays to right-handed stop instead of sbottom, it is hard to explain the excess because the stop will largely decay to bχ + 1 without Z-boson being produced in our framework.
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Introduction
After the discovery of a 125 GeV SM-like Higgs boson [1, 2] , the focus of the LHC program has shifted towards searches for new particles beyond the SM. Among many promising new physics models, MSSM has been extensively investigated by the theorists and experimentalists. At the LHC, the typical signals for supersymmetry are characterized as the multi-jet and large missing energy in the final states. Other topologies involving leptons, photons and heavy quarks have been also explored in the simplified models. So far, no significant excesses (∼ 5σ) have been observed beyond the Standard Model (SM) at the LHC.
Recently, ATLAS has reported an excess above the expected number of SM events, with a 3σ statistical significance, in the search for same-flavour opposite-sign dilepton pair, jets, and large transverse missing energy [3] with an integrated luminosity of 20.3 fb −1 . The deviation was only observed in the on-Z region, for dilepton mass near the Z peak, which, however, is currently not confirmed by the CMS analysis [4] . Adding electron and muon pairs, ATLAS found 29 events after the selection cuts versus 10.6 ± 3.2 expected SM background events. The ATLAS on-Z search is aimed for generalized gauge mediated (GGM) supersymmetry breaking models, where pair produced gluinos decay via neutralinos to a gravitino plus a Z boson. Without explaining this excess, ATLAS presented a weaker exclusion limit than expected in the mg − mχ0 1 plane of GGM models. In Ref. [5] , within a simplified GGM framework, it is argued that a relatively light gluino mg 1.2 TeV, together with a heavy neutralino mχ0 1 400 GeV decaying predominantly to Z boson plus a light gravitino can reproduce the excess. But due to the unavoidable other decay modes of gluino in a realistic GGM, after combining the relevant constraints, the authors claimed that such models cannot explain the ATLAS excess [6] . In Ref. [7] , a possible NMSSM explanation with singlino instead of gravitino as the LSP through a lighter gluino (mg ∼ 800 GeV) pair production was proposed under the CMS limits on similar signal channels [4] and the constraints from searches for jets and E miss T [8] . Besides SUSY interpretations, a heavy gluon decay to vector-like quarks in composite Higgs theories [9] is also found to produce the extra Z bosons and reduce the observed deviation.
In many popular grand unification models, the first-two generations of squarks appear to be heavier than the third generation of squarks, due to the different renormalization effects related to the Yukawa coupling contributions. In particular, a right-handed sbottom can be light in some models [10] . Although a heavy stop sector is usually required by the observed 125 GeV Higgs boson in the Minimal Supersymmetric Standard Model (MSSM), the large mixing effect can also achieve the correct Higgs mass, which also leads to a relatively light stop. Therefore, if sufficiently light, the third generation squarks could be copiously produced through the gluino decay since the gluino pair production cross section is almost two orders of magnitude larger than that of a stop or sbottom of same mass at the LHC. The current null results of the LHC searches for the gluino-mediated third generation squarks signature have pushed the stop/sbottom mass into hundreds GeV and gluino into a TeV region in the simplified models [11, 12] . However, the sensitivity of those searches depends on the mass splitting between gluino and the third generation squark and the assumptions on their decays. Besides, the LHC search strategies rely on the nature of neutralino sector. For example, if the NLSP neutralino is not decoupled and is higgsino-like, the sbottom can have a large decay branching ratiob 1 → bχ 0 2,3 , while the stop will dominantly decay to bχ Z within a simplified MSSM and examine its impact on Z-peaked excess reported by ATLAS. We also study the feasibility of gluino-mediated stop production to account for the excess.
The structure of this paper is organized as follows. In Section 2, we will set up our simplified scenario and summarize the ATLAS analysis for 3σ Z peaked excess. In Section 3, we present the numerical results and discuss its impact on the ATLAS excess. Finally, we draw our conclusions in Section 4. Our simplified model consists of gluino, right-handed sbottom or stop, higgsino-like neutralino NLSPs and bino-like neutralino LSP. Other sparticles are assumed to be decoupled for simplicity. To explain the ATLAS observed Z peaked events ∼ 273 (not including Z-branching ratio to leptons), a strong production process is more favored than an electroweak process due to the requirement of the multiplicity of jets and a hard H T cut. In our scenario, the gluino pair production has the largest cross section. In Fig.1 , we calculate the NLO+NLL cross section of gluino pair production at 8 TeV LHC with NLL-fast package [13] . We can see that the cross section of gluino pair σgg can still reach tens of fb when mg 1 TeV. So if there is no branching ratio suppression in gluino cascade decay chain, assuming mg = 1 TeV and signal events keeping efficiency ∼ 50%, one can obtain about 240 on-Z events (not including Z-branching ratio to leptons) at 8 TeV LHC with luminosity L = 20.3 fb −1 . Therefore, the most economic way to explain the excess is that gluino can decay to Z boson with 100% branching ratio. Any reduction in branching ratio or event keeping efficiency will require a lighter gluino to compensate for the total cross section.
In case of a light right-handed sbottom, since other squarks are taken to be heavier than gluino, the produced gluino will dominantly decay to sbottom. In turn, the sbottom decay depends on the handedness of sbottom and the component of electroweakinos. The relevant interactions between sbottom and neutralinos or charginos are given by [14] 
where
3)
with y t = √ 2m t /(v sin β) and y b = √ 2m b /(v cos β) being the Yukawa couplings of top and bottom quarks, and θb being the mixing angle between left-and right-handed sbottoms (−π/2 ≤ θb ≤ π/2). The neutralino and chargino mixing matrices N ij , U ij and V ij are defined in [14] . From Eq.2.2, we can see that ifχ [15, 16] . The total cross section of sbottom decays to neutralinos can be calculated as
Br(b1 → bχ
Here it should be noted that when both sbottoms decay to bχ 0 1 , they can not contribute to our signals due to the lack of Z boson in the final state. This will lead to a certain suppression of the gluino cascade decay to Z boson and require a relatively light gluino to increase the total number of events. In Fig.2 , we illustrate the processes contributing to on-Z signal through gluinomediated sbottom production. Similarly, gluino-mediated stop production processes can be obtain by replacing sbottom with stop in Fig.2. 
Numerical results and discussions
The signal events are generated by MadGraph5 [17] at parton level. We perform parton shower and hadronization with PYTHIA [18] and fast detector simulations with Delphes [19] . We cluster jets : Gluino-mediated sbottom production contributing to on-Z signal. using the anti-k t algorithm with a cone radius ∆R = 0.6 [20] . We use Suspect and SUSY-HIT [21] to calculate masses, couplings and branching ratios of the relevant sparticles. According to the ATLAS searches for the final states containing a same-flavour opposite-sign lepton pair, jets and large missing transverse momentum, the events should satisfy the following cuts:
• Events are required to have at least two same-flavour opposite-sign (SF-OS) leptons. If more than two signal leptons are in a event, the two with the hardest p T are selected. The leading lepton must have p T ( 1 ) > 25 GeV and the sub-leading lepton p T ( 2 ) can be as low as 10 GeV. The invariant mass of these two leptons has to be in the Z boson mass window 81 < m + − < 101 GeV.
• All events are further required to contain at least two hard jets with pt > 35 GeV and |η| < 2.5, to have missing transverse energy E miss T > 225 GeV and H T > 600 GeV, where H T is the p T sum over all the jets with p T > 35 GeV and |η| < 2.5 and the two leading leptons:
• Besides, the azimuthal angle between each of the two leading jets and E miss T has to be larger than 0.4.
In Table 1 , we present the detailed information of our benchmark point. From this table, we can have the following observations: (1) the first two generation squarks are taken 10 TeV to Table 2 : Event keeping efficiency (%) of the gluino-mediated sbottom production contributing to on-Z events in the ATLAS cut flow for the benchmark point in Table. 1 at 8 TeV LHC with luminosity L = 20.3 fb −1 . avoid the strong constraint of multi-jet fromq →gq → qqχ 0 1 (see Fig.6 in Ref. [22] ); (2) the small mass splitting between gluino and sbottom can make our sample satisfy the constraint of multi-jet fromg → qqχ GeV (see Fig.12a in Ref. [11] ).
Cuts
In Table 2 , we present event keeping efficiency for the sbottom benchmark point in Table  1 in the ATLAS cut flow. We can see that the same-flavor opposite-sign selection heavily hurts our signals and the E miss T cut further reduces the keeping efficiency to percent level. With gluino pair production cross section in Table 1 , in addition to the SM expected 10.6 events (including Z-branching ratio to leptons), we can obtain the total 11.5 events (including Z-branching ratio to leptons) passing the ATLAS cuts from gluino-sbottom production at 8 TeV LHC with luminosity L = 20.3 fb −1 , which can reduce the observed 3σ on-Z deviation to 2σ level. The CMS collaboration has also performed a similar signal analysis [4] , where the most sensitive signal region requires N j > 2 and E miss T > 300 GeV. We checked and found that our signal can satisfy this constraint at 1σ level since E miss T is relative small in our case. Besides, the b-veto is required in the ATLAS off-Z signal region analysis, which makes our signal contribute tiny to those regions and be consistent with the data. Clearly, a lighter gluino decay can fully explain the 3σ excess. For example, when mg = 707.49 GeV, mb 0.10 gluino decay. But in this case, a fine tuning in the mass parameters is required to avoid the LHC constraints on our scenario. Given the current excess is only reported by the ATLAS, with more data in LHC run-2, both ATLAS and CMS analyses will be able to further confirm this excess if it is indeed a signal of new physics beyond the SM. On the other hand, no matter this anomaly will persist or not, a compressed gluino-mediated sbottom production is an interesting scenario to be explored at the LHC run-2. We also have considered a similar scenario where the gluino dominantly decays to right-handed stop with sbottom being decoupled. A benchmark point for this case is listed in Table 3 . From this table, we can see thatt → bχ + 1 has the largest branching ratio among all decays of the stop. But this dominant stop decay channel can not produce the Z bosons, and thus reduces the on-Z signal events through the gluino-mediated stop production. In Table 4 , we present event keeping efficiency for the stop benchmark point in Table 3 that is about 1/3 of the one for sbottom. So considering the gluino pair production cross section in Table 3 , we can only have 2.2 signal events from the gluino-stop mediated production. In this case, we need even lighter gluino than that in sbottom scenario. However, as mentioned above, such a light gluino-stop system may be strongly constrained by current LHC searches for gluino-mediated stop production.
In the above discussions, only the light right-handed sbottom or stop is involved in the gluino cascade decay process. If both of them are light enough, the gluino will decay to bb † 1 and tt † 1 . This will lead to the suppression of branching ratios ofg →b 1 → bχ 0 2,3 and fewer on-Z signal events are produced in this case. So, we can conclude that such a light sbotttom and stop scenario can not give a better explanation than our studied light sbottom scenario.
Conclusion
In this work, we investigated the gluino-mediated sbottom production within a simplified compressed scenario of MSSM, which features a relatively small mass splitting between gluino and right-handed sbottom, the nearly degenerate Higgsino-like NLSPs and a heavy Bino-like LSP. Because the NLSP neutralinos are Higgsino-like, the sbottom can have a large decay branching ratio ofb 1 → bχ 660 GeV, the recent ATLAS Z-peaked 3σ deviation can be reduced to 2σ level. A lighter spectrum mg 710 GeV and mb 1 = 584.04 GeV can fully explain this excess, however, a fine tuning in the mass parameters is required to avoid the LHC constraints. We also find that if the gluino decays to right-handed stop instead of sbottom, it is hard to explain the excess, sincet 1 → bχ + 1 will be the dominant decay.
